Objective-Widespread immunization confers both individual-and community-level protection against vaccine-preventable diseases. To better understand vaccine hesitancy, we assessed correlates of forgone vaccination for children and adolescents. Results-Overall, 12% of parents reported having refused or delayed a vaccine for their child. Forgone vaccination was more common for young children than for teenagers (16% versus 8%) and for children born before rather than on/after their due dates (16% versus 10%). Parents with high (versus low) scores on an index of healthy feeding practices were also more likely to report forgone vaccination (17% versus 5%). The most common reason for forgoing vaccines was concern about safety (34%). Other reasons included believing the child did not need (18%) or was too young (13%) for the vaccine, or that the child was sick (10%).
forgo (i.e., refuse or delay) at least one vaccine (Dempsey et al., 2011; Gust et al., 2008; Smith et al., 2010; . Even more parents may be "at risk" for forgoing vaccines given that concerns about early childhood immunization are common, even among those parents who comply with recommended guidelines (Dempsey et al., 2011; . Although surveillance of forgone vaccination is limited, some measures indicate the problem is growing (Omer et al., 2006; Kempe et al., 2011) . For example, an increasing number of parents are claiming nonmedical exemptions to school-based immunization requirements (Omer et al., 2006) .
Less is known about forgone vaccination with regard to older children and vaccines in the adolescent platform: tetanus, diphtheria, and pertussis (Tdap); meningococcal vaccine; and human papillomavirus (HPV) vaccine. However, given that as many as one-third of parents of unvaccinated adolescents report having received a provider recommendation for these vaccines, parental refusal or delay is likely one reason for suboptimal uptake . Under-immunization is most pronounced for HPV vaccine with only 35% of girls and 1% of boys completing the three dose series (CDC, 2012) . Coverage for Tdap (78%) and meningococcal vaccine (71%) is higher, but still shows room for improvement (CDC, 2012) .
In response to these issues, a small, but growing literature addresses the need for healthcare providers to identify "vaccine-hesitant" parents so as to more effectively communicate with them (Fredrickson et al., 2004; Smith et al., 2006) . Because parents with vaccine-related doubts are more likely to delay or refuse immunization (Gaudino et al., 2012; Gust et al., 2008; Smith et al., 2011) , one approach is to classify parents based on their vaccine-related attitudes using survey instruments and typologies (Keane et al., 2005; Opel et al., 2011) . However, given the constraints of the clinical encounter, using these tools for universal screening may not be feasible. For this reason, providers can also benefit from more readily available indicators of vaccine refusal or delay, including factors related to families' demographic characteristics, parenting style, or relationship with the healthcare provider. Knowing which vaccines and which concerns are most worrisome can also help providers focus their discussions.
To investigate these issues, we used data from a statewide survey of parents to: a) identify correlates of forgone vaccination; and b) assess which vaccines parents refused or delayed and their reasons for doing so.
METHODS

Sample
We used data from two linked telephone surveys conducted in 2010. The North Carolina Behavioral Risk Factor Surveillance System (BRFSS) survey is a population-based survey of adults (NC SCHS, 2011a) . Households with BRFSS respondents who report living with a child under age 18 are eligible to participate in the Child Health Assessment and Monitoring Program (CHAMP) survey (NC SCHS, 2001b) . CHAMP is administered in a follow-up phone call to the adult caregiver the BRFSS respondent identifies as being most knowledgeable about the health of a randomly-selected child in the household.
In 2010, the response rate for the North Carolina BRFSS was 61% (CDC, 2011) . Of the 3,174 BRFSS respondents invited to participate in CHAMP, 2009 (63%) completed the survey. We excluded parents of children less than one year of age (n=79) from our analytic sample because several survey items of interest were not relevant to infants. We also excluded respondents if they were unsure whether they had ever delayed or refused a vaccine for their child (n=7), did not provide the child's sex (n=2), or did not provide information on nutrition-related variables (n=74). Our sample consisted of the remaining 1,847 respondents. Because a majority of respondents in our sample (88%) reported being the biological parent of the child in question, we refer to respondents as "parents." The University of North Carolina Institutional Review Board determined that this study did not require review.
Measures
One item on the CHAMP survey assessed this study's primary outcome: "Have you ever postponed or refused to get a vaccine shot for [child's name]?" For parents who responded "yes" to this item, interviewers asked respondents to give their reason(s) and to name which vaccine(s). Our measure of forgone vaccination combined vaccine refusal and delay because both behaviors are associated with under-immunization .
The survey also assessed factors related to forgone vaccination identified in the research literature, including parents' relationship with their child's healthcare provider, perceptions of their child's health, and parenting behaviors. In terms of the parent-provider relationship, CHAMP assessed: 1) whether the child had a "personal" healthcare provider who knew him/ her well; 2) how often in the last year providers spent enough time with the child; and 3) how often in the last year providers helped the parent feel like a partner in the child's care. In terms of the child's health status, CHAMP assessed: 1) the child's general health; 2) whether the child was born before his/her due date; and 3) whether the child was limited in his/her ability compared to children of the same age.
With regard to parenting behaviors, CHAMP assessed whether the child had ever been breastfed. Using a 4-point response scale, the survey also assessed the child's daily consumption of fruits, vegetables, and sweetened beverages as well as the weekly frequency of fast food meals and home-cooked family meals. To reduce collinearity in the final model, we combined the latter five items into an index of healthy child feeding practices. After reverse-coding variables related to fast food and sweetened beverage consumption, we calculated the sum of the items and collapsed the resulting totals into three categories: low (5-10), medium (11-15), and high (16-20).
We used demographic variables from both CHAMP and BRFSS. CHAMP assessed child's sex, age, and race, as well as whether the child had health insurance, parent's sex, and the highest level of education attained by anyone in the household. BRFSS assessed household income and location. We defined households within a metropolitan statistical area (MSA) as "urban or suburban" and those outside an MSA as "rural" (U.S. Census Bureau, 2011) .
Statistical Analyses
We used logistic regression to identify bivariate correlates of forgone vaccination. We entered statistically significant correlates into a multivariate model. We chose not to stratify our analyses by child's age because our study examined vaccine refusal or delay that occurred at any time in the child's life. To further explore the association of child feeding practices with forgone vaccination, we used linear regression to examine the bivariate association separately for each component of the child feeding practices index. We analyzed data using Stata Version 12.0 (Statacorp, College Station, TX), incorporating sample weights to account for unequal probability of selection. We report unweighted frequencies and weighted proportions and odds ratios. All statistical tests were 2-tailed with a critical alpha of 0.05.
RESULTS
Sample characteristics
Participants were equally likely to be the parent of a son (50%) or a daughter (50%) ( Table  1 ). The mean age of children was 9.7 years, and most were non-Hispanic white (62%) or black (22%). Most parents were female (85%). Half of respondents indicated an annual household income of $50,000 or more (50%), and about three quarters reported that someone in their household had attended college (78%).
Correlates of forgone vaccination
Overall, 12% of parents reported having ever refused or delayed a vaccine for their child. In multivariate analysis, forgone vaccination was more common for young children (ages 1-6) than for older children (ages 13-17) (16% versus 8%). Female respondents reported forgone vaccination more often than did male respondents (13% versus 7%). The practice was also more common among respondents living in households with high versus low educational attainment (14% versus 5%). Although bivariate analyses indicated that child's race and annual household income correlated with refusal or delay, these variables did not retain statistical significance in the multivariate model (Table 2) .
Beyond demographic characteristics, forgone vaccination was more common for children born before versus on or after their due dates (16% versus 10%). Forgone vaccination also correlated with high versus low scores on the index of healthy child feeding practices (17% versus 5%). In exploratory bivariate analyses, 4 of 5 items in the index achieved statistical significance: fruit consumption, vegetable consumption, sweetened beverage consumption, and frequency of home-cooked family meals (Table 3) . Breastfeeding correlated with foregone vaccination in bivariate analyses, but did not retain statistical significance in the multivariate model.
Forgone vaccines: types and reasons
Among parents who reported forgoing a vaccine for their child (n=224), the most commonly cited vaccines were flu (26%) and human papillomavirus (16%) (Figure 1 ). Most parents named one (56%) or two (13%) vaccines, and very few (7%) responded "all." A total of 55 parents did not name a vaccine, including 41 non-respondents (17%) and 14 parents (5%) who responded with "don't know." The most commonly stated reason for forgoing vaccine was concern about safety or side effects (34%). Other concerns included believing the child did not need (18%) or was too young (13%) for the vaccine, that the child was sick at the time of the visit (10%), or needing more information (7%). Most parents named one (67%) or two (31%) reasons.
DISCUSSION
A sizeable minority of parents in our North Carolina sample reported forgone vaccination, with more parents of young children (16%) reporting the behavior. Our statewide estimate for young children is similar to findings of several previous national studies, including those by Dempsey et al. (2011) and Gust et al. (2008) , which placed the prevalence of forgone vaccination at 13% and 19%, respectively. To our knowledge, we are the first to report the prevalence of forgone vaccination for older children (12%) or teens (8%). Although our cross-sectional study design prevents us from determining why parents of teens less often reported having ever refused or delayed a vaccine, recall bias may have been a contributing factor since parents of older children likely had more difficulty remembering instances of forgone vaccination that occurred in early childhood. Alternatively, these data are also consistent with the conclusion that forgoing vaccination is becoming more common.
Longitudinal research is needed to more fully characterize the epidemiology of forgone vaccination, particularly with regard to trends in the prevalence of vaccine refusal and delay.
Perhaps our most notable finding is the association between forgone vaccination and indicators of healthy child feeding practices, including increased fruit and vegetable consumption, and decreased sweetened beverage consumption. This relationship may reflect a broader endorsement of a "natural" parenting style and desire to protect children from preservatives or other chemicals seen as being prevalent in vaccines and processed foods. Alternatively, healthier eating practices may be indicative of higher socioeconomic status, which prior research has linked to forgone vaccination (Smith et al., 2010; Smith et al., 2011) . Though we controlled for income and education, we may not have fully controlled for socioeconomic status as a confounder of the relationship between feeding practices and forgone vaccination. As in previous studies (Smith et al., 2010; Smith et al., 2011) , we found that forgone vaccination was more common among parents with higher levels of education. Thus, unlike most other health disparities, forgone vaccination appears to be more common among parents who have social and material resources to carefully attend to their children's health.
We found forgone vaccination was more common among parents of children born before their due dates, and a reason parents often gave for forgoing vaccines was that their child was sick at the time of the healthcare visit. By contrast, we did not find forgone vaccination to be more common among children who were generally unwell or limited in their abilities. Taken together, these findings suggest that temporary periods of relative vulnerability may be more relevant to understanding forgone vaccination when compared to states of longerterm sickness or disability. We speculate that such times of acute stress may cause parents to overestimate the risks of vaccines while underestimating their benefits.
For babies born prematurely or with low birth weight, the American Academy of Pediatrics (2009a) recommends a routine immunization schedule with only a few exceptions. Timely immunization is particularly important for low birth weight infants given their increased susceptibility to vaccine preventable diseases. Nevertheless, under-immunization of this population starts at birth and persists through six months of age (Batra et al., 2009) . Intervention is likely needed with not only parents, but also healthcare providers, to communicate the increased importance of immunization for preterm infants.
In the case of children who are sick at the time of the healthcare visit, parents and providers may similarly need more guidance about how to make immunization-related decisions. In general, current guidelines recommend vaccinating children with mild illnesses or low-grade fevers while moderate or severe illnesses constitute "precautions" requiring a case-by-case assessment of risks and benefits (AAP, 2009b) . Unfortunately, some providers lack knowledge of vaccine-related contraindications and take an overly conservative approach to vaccinating sick children (Cohen et al., 2003) . As a result, parents' understandable tendency to forgo vaccines for sick children may be exacerbated by the advice of excessively cautious providers, resulting in missed opportunities.
We were surprised to find that forgone vaccination was not associated with variables related to the quality of the patient-provider relationship. Given the extent to which prior research emphasizes the importance of trust (Benin et al., 2006; Gust et al., 2008; Senier, 2008 Smith et al., 2011 , we suspect that our measures may not have fully assessed this domain. In particular, two items related to whether the provider spent enough time with the child or made the parent feel like a partner in care were specific to the year prior to the survey. If parents' opinions about their providers changed over time, or if parents changed providers to receive more satisfactory care, these items would not capture an association between relationship quality and forgone vaccination occurring in an earlier time period.
This cross-sectional study relied on parental reports of lifetime forgone vaccination, and as previously mentioned, parents of older children may have under-reported the behavior due to difficulties remembering forgone vaccination during early childhood. We were also limited by the construction of our outcome measure which combined vaccine refusals with intentional delays. This combined measure allowed us to compare our findings to prior research Dempsey et al, 2011) , but prevented us from assessing correlates of refusals and delays separately. We were similarly unable to differentiate short or medically-indicated delays from those which were long-term or otherwise avoidable. Finally, our sample was limited to respondents with access to landline telephones in North Carolina, and although we weighted our data to account for differential response rates, the generalizability of our findings to households without landlines and to parents residing in different states remains to be established (Miles et al., 2010) . These limitations are offset by the study's strengths which include a large, population-based sample and a good response rate.
Conclusions
Forgone vaccination poses an ironic problem for preventive medicine because the parents who most often refuse or delay vaccines would seem to be the ones best equipped for getting their children preventive care. For example, in our sample of children with relatively high access to care, parents refused or delayed vaccination despite higher levels of education or attention to diet, suggesting that social privilege and engagement in health issues are perversely at odds with vaccination behavior. Our study suggests that forgone vaccination may be more common in periods of relative vulnerability, and these times of acute illness may lead parents to overestimate the short-term risks of vaccination while undervaluing its benefits. Whatever the case, providers should reassure parents of sick or premature children that such conditions are not usually contraindications for vaccination. By preventing forgone vaccination, providers stand to protect their individual patients as well as their broader communities from vaccine preventable diseases.
Highlights
• We assessed forgone vaccination for a statewide sample of children (ages 1-17).
• Overall, 12% of parents reported having refused or delayed vaccine for their child.
• The most commonly forgone vaccines were flu and human papillomavirus.
• Forgone vaccination correlated with more education and healthier feeding practices.
• Forgone vaccination was also more common among parents whose child was born early. a Item administered only to respondents who were biological parents (n=1617).
b Index scores reflect the total of 5 items that assessed the child's consumption of fruit, vegetables, home-cooked family meals, fast food meals, and sweetened beverages. Each item was worth 4 points with higher scores corresponding to healthier practices. * p < 0.05 ** p < 0.0
